Aim: To assess the extent to which humans have reshaped Earth's biodiversity, by 1 0 estimating natural ranges of all late Quaternary mammalian species, and to compare 1 1 diversity patterns based on these with diversity patterns based on current distributions.
1 0 8 aimed to identify the areas the species would have been able to inhabit without human 1 0 9 interference, not the entire possible potential range based on the estimated niche. Therefore, natural dispersal constraints, biotic constraints, and non-climatic abiotic 1 1 1 limiting factors were also taken into account when estimating natural ranges. We 1 1 2 systematically inspected the IUCN ranges (Schipper et al., 2008) of all species suspected 1 1 3 to have had anthropogenically-induced range changes based on red-list category (red-1 1 4 listed as vulnerable, endangered, critically endangered, extinct, extinct in the wild, or data 1 1 5 deficient: 2302 species), body size (all species larger than 1 kg: 627 additional species), 1 1 6 or occurrence in large isolated island-like systems (Australia, New Guinea, or Madagascar: 340 additional species). These ranges were modified accordingly when 1 1 8 evidence for anthropogenic range changes was found. The remaining species were not 1 1 9 systematically investigated, but their ranges were modified whenever we found evidence 1 2 0 for human-caused range changes. We modified the ranges of 1085 species, though for 85 1 2 1 of them the range modifications were too small to affect our analyses at our chosen grid 1 2 2 size (110 × 110 km cells). A total of 260 species were not covered by IUCN because they 1 2 3 went extinct prior to 1500 AD, but were included in our analysis because they have gone 1 2 4 extinct within the last 130,000 years. By doing this we implicitly assumed that all global 1 2 5 and continental extinctions during this period were caused by humans rather than natural 1 2 6 phenomena, such as climatic variations. We acknowledge that this may not be true in all 1 2 7 cases, as the probability of extinction prior to human contact seems high for a few 1 2 8 species, such as the giant Caribbean rodent Amblyrhiza inundata (blunt-toothed giant 1 2 9 hutia) (Biknevicus et al., 1993) . Still, the evidence is overwhelming for strong human 1 3 0 involvement in most of these extinctions (Sandom et al., 2014; Turvey & Fritz 2011) . Our methodology did of course allow for natural regional extinctions, notably due to 1 3 2 climate changes, e.g., the disappearance of Ovibos moschatus (musk-ox) and Gulo gulo 1 3 3 (wolverine) and other cold-adapted species from Southern Europe after the end of the ice Overall, the modifications led to a change from a total of 1,983,482 occurrences to bear), Enhydra lutris (sea otter) and Lontra felina (marine otter)), were removed, whereas 1 5 0 species coded as "freshwater and marine", such as Phoca vitulina (harbor seal) or 1 5 1 manatees of the genus Trichechus, were deleted from all fully or partially marine cells. For terrestrial species all manatees, whales, pinnipeds, and bats were removed from non- Analyses were performed on species, phylogenetic, and functional diversity. The Svenning, 2015). Our treatment of functional diversity is a multidimensional version of Three diversities were estimated for each cell: 1) current diversity, 2) natural diversity of 1 6 7 historically extant species, and 3) total natural diversity. Current diversity was defined as 1 6 8 the diversity following IUCN, excluding species ranges coded as introduced and species 1 6 9 ranges coded as extinct or possibly extinct (5). Natural diversity of historically extant 1 7 0 species was generally the natural diversity of all species accepted by IUCN, meaning that 1 7 1 species ranges coded as extinct or possibly extinct by IUCN, as well as our modified 1 7 2 ranges of species accepted by IUCN, were included, but species that went globally 1 7 3 extinct prior to 1500 AD were not included. In addition, for species that went 1 7 4 continentally extinct (with Europa and Asia considered the same continent) prior to 1500 1 7 5 AD, the natural distributions on these continents were removed. Therefore, the natural included the natural distribution of all species accepted by IUCN, including the ranges on 1 8 1 the continents mentioned above, but also included the natural distribution of the 260 pre-1 8 2 historically extinct species. In the main article we focus on the differences between 1 8 3 current diversity and total natural diversity, and we refer to total natural diversity simply We also estimated the total deficit (the difference between current diversity and total 1 8 7 natural diversity relative to the total natural diversity), the historic loss (the difference 1 8 8 between current diversity and natural diversity of historically extant species relative to 1 8 9 the total natural diversity), and the pre-historic loss (the difference between the natural 1 9 0 diversity of historically extant species and the total natural diversity relative to the total 1 9 1 natural diversity). These terms are defined temporally, and the vast majority of pre-1 9 2 historic loss occurred earlier than historic loss, but we note that a limited temporal 1 9 3 overlap between the two exists. For example, the massive pre-historic loss in the We analyzed the geographic variation in diversity for a total of 45 different analyses: all 2 0 5 combinations of the three diversities (species, phylogenetic, and functional), five datasets 2 0 6 (terrestrial megafauna, large terrestrial mammals, all terrestrial mammals, non-marine 2 0 7 mammals, and all mammals) and current, IUCN natural, and total natural diversity. Our to take into account that diversity may be different in forest and non-forest biomes, and a standard deviation of 1. In order to remove spatial autocorrelation in the data, we analyzed the data based on the 2 2 7 SAR err model, which has been suggested to be a suitable method of minimizing 2 2 8 autocorrelation (Kissling & Carl, 2008) . SAR models are computing intensive; therefore, 2 2 9
for computational reasons, we chose to perform them using cells equivalent to 4° squares 2 3 0 at the equator. We tried neighborhoods for each SAR model of between 1 and 8 2 3 1 neighbors and selected the best model based on AIC (the chosen models had between 4 2 3 2 and 6 neighbors). Next, we estimated the overall model performance by calculating the 2 3 3 square of the correlation between the predicted (only the predictor, not the spatial parts) and raw values. We refer to this as pseudo-R 2 throughout the paper even though several Consulting Group, 2014). All p-values were calculated by Wald's tests. In order to make 2 3 7 comparisons between different models easier, we kept all parameters in the models, even 2 3 8 if they were not significant. In order to make parameter values for current diversity and We here focus on the patterns for all terrestrial species (n = 4465) and terrestrial 2 4 6 megafauna (n = 330). Three other datasets (large terrestrial species ≥ 10 kg (n=570) with 2 4 7 results similar to those for megafauna; non-marine species (n= 5635), and all species 2 4 8 (n=5747) with results overall similar to all terrestrial species) are reported in the appendix 2 4 9 ( Fig S1-S10) . Overall the differences between current and natural diversities were 2 5 0 substantially larger for megafauna than for all terrestrial species (Fig. 1) . The changes in 2 5 1 species, phylogenetic and functional diversity were overall similar although there were 2 5 2 some differences which we will discuss later. Geographic patterns in the difference between current and natural diversity (hereafter for 2 5 6 simplicity referred to as deficits) in species, phylogenetic and functional diversity exhibit 2 5 7 similar geographic patterns (Fig. 2) . The largest deficits in megafauna diversity occur on 2 5 8 islands (Madagascar, Caribbean, Oceania) and the island-like continent Australia (Fig. 2 ).
5 9
Strong deficits are also found in the Americas and Greater Sahara, whereas deficits are Greater Sahara and Africa, whereas still other regions -most noticeably Europe -have 2 6 5 had both large historic and pre-historic losses. In all regions, the relative deficits for all 2 6 6 terrestrial species are substantially smaller than the megafauna losses, but the difference 2 6 7 between the two varied among regions. The substantial and geographically variable anthropogenic diversity deficits could have 2 7 1 large effects on our ability to understand macroscale diversity patterns. In order to assess 2 7 2 the magnitude of this problem, we compared the results of parallel standard that the explanatory power (pseudo-R 2 ) was consistently lower for current diversity than 2 7 5 for natural diversity for all studied mammal groups. In addition, the models for natural R 2 values between the two (Tables S1-S3). The decreases in pseudo-R 2 were especially 2 7 8 large for terrestrial megafauna; the pseudo-R 2 values for all three diversity measures were 2 7 9 approximately 0.2 lower for current diversity than for natural diversity. The higher 2 8 0 explanatory power for the natural diversity is especially noteworthy given that these are 2 8 1 known with less certainty than the current diversity, and these uncertainties would be 2 8 2 expected to reduce the pseudo-R 2 values. (Wang et al., 2004) , was the strongest predictor of diversity, with higher 2 8 6 diversity in areas with higher NDVI, but its predictive power was always lower for 2 8 7 current diversity than for natural diversity. Elevation range was a weaker, but consistent, predictor (with higher diversity with higher elevation range), but with a consistently 2 8 9 stronger effect on current diversity relative to natural diversity. The changes in pseudo-2 9 0 R 2 , NDVI, and elevation range were strikingly regular, with a larger change in pseudo-R 2 2 9 1 also corresponding to a larger change in the effect sizes of NDVI and elevation range 2 9 2 ( Fig. 3) . For terrestrial megafauna, the pattern in natural species diversity is radically different 2 9 7 from the current pattern ( Fig. 1A and B ). Current species diversity exhibits a well-known 2 9 8 peak in Sub-Saharan Africa, whereas Africa's natural species diversity is similar to other 2 9 9 continents, as suggested previously (Owen-Smith, 2013) . For natural diversity, the Argentina, whereas most of the Americas and large parts of Eurasia have diversities 3 0 2 similar to the most diverse areas in sub-Saharan Africa (Fig. 1A and B ). Differences North America (Fig. 1C and D) . The patterns in phylogenetic diversity are similar to the 3 0 7 patterns in species diversity ( Fig. 1E-H versus Fig. 1A-D) . The major difference is that Asia, reflecting greater diversity at deep phylogenetic levels in South America, as seen by 3 1 0 tabulating the number of mammalian orders containing terrestrial megafauna. The natural and current megafauna in Africa belong to six orders, whereas the natural the New World can likely be seen as a consequence of the former isolation of South 3 1 5
America, followed by the effects of the Great American Biotic Interchange (GABI) 3 1 6 (Simpson, 1980) . Even though many of the formerly endemic South American clades, a number of groups survived until the Late Pleistocene or early Holocene 3 1 9 (Sandom et al., 2014) . However, the species diversity within many of these clades was 3 2 0 low during the Late Pleistocene, with only a few species, even though they were formerly 3 2 1 diverse clades (Billet, 2011) , creating a pattern of long branches separating species and 3 2 2 high phylogenetic diversity. The GABI is expected to influence the phylogenetic 3 2 3 diversity, but it could potentially also influence species diversity. As already suggested 3 2 4 by Darwin (1859), related species are often thought to compete more with each other, and 3 2 5 two areas of equal productivity may potentially support more species if they are distantly 3 2 6 related rather than closely related. The evidence for this is limited (Cahill et al., 2008) , and extirpations is still possible. The most striking difference between the patterns in functional diversity ( Fig. 1I-L) and 3 3 1 the other patterns is that the differences in functional diversity between current and 3 3 2 natural diversity are clearly visible in all areas for both all terrestrial species and 3 3 3 megafauna, as opposed to being much more evident for megafauna. This is at least partly contractions affecting our size-based metric for functional diversity. Though we mainly 3 3 6 focus on patterns that are different between natural and current patterns, the functional 3 3 7 diversity patterns also highlight the constancy of some patterns. One such constant 3 3 8 pattern is the relative steepness of the gradient between temperate and tropical regions of 
(B) Geographic variation in diversity decifits
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The regional differences in faunal deficits are consistent with higher sensitivity of island among all terrestrial species, with Oceania having a much smaller deficit, similar to that Quaternary extinct mammals using a novel heuristic-hierarchical bayesian approach.
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